The objective of this study was to determine the phenotypic methods that could differentiate coagulase positive S. aureus and coagulase negative S. aureus from other Staphylococci. Therefore, 35 (32.4%) Staphylococcal isolates were isolated out 108 different samples. Identification was performed using combined phenotypic and genotypic methods. Based on phenotypic identification, 15 isolates were coagulase positive Staphylococcal spp. (CPS) and 20 isolates were coagulase negative Staphylococcal spp. (CNS). Out of 15 CPS isolates, 10 (28.5%) isolates were acriflavine resistant and so identified as CPSA while out of 20 CNS isolates, 6(17.14%) isolates were also acriflavine resistant and so identified as CNSA. Based on molecular identification, only 16/35isolates were found to be S. aureus. PCR confirmed the results of acriflavine sensitivity test where out of the 16 PCR confirmed S. aureus isolates, 10 isolates were typical coagulase positive S. aureus and 6 isolates were atypical coagulase negative S. aureus. By using PCR, the spa-X gene was detected in all S. aureus isolates while enterotoxin D gene was detected in only 2(33.3%) of atypical S. aureus isolates. Neither other enterotoxins (A, B, C) nor the pvl genes were detected in any isolate. Genotypic analysis revealed that both typical and atypical S. aureus isolates are virulent. In conclusion, attention must be paid toward accurate identification of atypical S. aureus as a cause of disease in human and animal. Acriflavine sensitivity test must be included in the scheme of phenotypic identification for accurate identification and differentiation of typical and atypical S. aureus from other Staphylococcal strains.
practices are considered contributing factors for food-borne pathogens distribution (Siddiqi et al., 2008) . Different food can act as good medium for Staphylococcus Aureus, causing food poisoning such as raw meat, meat products, raw milk and dairy products (ELjakee et al., 2012) . Therefore, S. aureus is one of the most common agents causing food poisoning (Le Loir et al., 2003) . S. aureus is a very successful hospital and communityacquired pathogen. It causes a broad spectrum of diseases, from mild skin infections to more serious invasive infection, including septicemia, pneumonia, endocarditis, and deep-seated abscesses. Its pathogenicity is related to a number of virulence factors that help it to adhere to surface, invade or avoid the immune system and cause harmful toxic effects to the host. These factors include cell surface components (e.g., protein A, fibronecting-binding protein, collagen-binding protein, and clumping factor) (Nieidhin et al., 1998) , and exoproteins (e.g., enterotoxins, exfoliative toxin, toxic shock syndrome toxin and Panton-Valentine leucocidin (Prevost et al.,1995) . The presence of coagulase-positive Staphylococcal strains in foods represent a serious potential food-poisoning risk, although not all coagulase-positive Staphylococci have been shown to produce enterotoxin (Niskanen and Aalto, 1978) . The majority of S. aureus strains are coagulasepositive while, some strains may be atypical in that they do not produce coagulase. Coagulase -negative S. aureus bacteria has ability to produce enterotoxins that cause very strong intoxication in human and calves (Jones et al., 2006) . Mastitis caused by coagulasenegative S. aureus (CNSA) may be inaccurately diagnosed, considered to be noncontagious coagulase-negative Staphylococci, so resulting in inadequate treatment of the infection. Incorrect identification of coagulase negative S. Aureus may also influence research designed to determine the prevalence of particular pathogens, efficacy of certain therapies, or efficacy of germicidal agents (Matthew et al., 1997) . Many authors reported that slide clumping test should be done also as a part of coagulase test because coagulasenegative S. aureus can be misidentified as clinically non important organism if diagnosis based only on tube coagulase test (Leavens et al., 1996; Matthew et al., 1997; Malinowski et al., 2009) . So, attention must be paid toward identification of atypical S. aureus strains. Thus, the objectives of this study were to isolate and identify Staphylococcus species from different sources. As well, molecular identification of S. aureus isolates using PCR assay, antibiotic testing of atypical S. aureus isolates. In addition, molecular detection of some virulence genes in typical and atypical S. aureus isolates using different PCR assay.
2-MATERIAL AND METHODS

Samples
A total of 108 different samples were collected from both bovine animal sources (73) and human sources (35) from different areas in El-Kalyobia, Egypt. The samples from animal origin included raw buffalo and cow milk (38) and raw beef minced meat (35), while those from human subjects were blood (15), nasal swab (14) and pus swab (6). They were transported in an ice box and microbiological examination was performed within 24 hr.
2.2
Isolation and phenotypic identification of Staphylococcus species: According to (Holt et al., 1994 and Quinn et al., 2011) , Milk samples were incubated aerobically at 37ºc for 12-24 hours for enrichment. 25gr of minced beef meat samples were mixed with 225 ml sterile buffered peptone water and incubated aerobically at 37ºc for 24 hours for enrichment. Blood samples were incubated aerobically at 37ºc for 24 hours for enrichment. Meanwhile, nasal swab and pus swab samples were cultured within 24 hours at maximum on nutrient agar media and incubated aerobically at 37ºc for 24 hours to avoid dryness of samples.
The incubated samples were cultured on nutrient agar plate. Purified colonies were morphologically identified by gram staining and biochemical tests (catalase test, slide coagulase test, tube coagulase test). Then, purified colony from primary Staphylococcal isolates was streaked on mannitol salt agar (MSA), bared parker agar supplemented with egg yolk tellurite (BPA) only, and with acriflavine hydrochloride (7 g ∕ ml). Plates were incubated at 37ºc for 24-48 hr. The characteristic growth on each medium was recorded.
2.3.
DNA extraction: A rapid boiling procedure was used to prepare crude DNA from bacterial strains according to Reischl et al (1994) . Two to five loops of Staphylococcus isolates taken from the nutrient agar plate were collected and suspended in 200ml of lysis buffer (1% Triton x-100, o.5% Tween 20, 10mm tris -HCL (PH (8.0) and 1mM EDTA). After boiling for 10 min, the suspension was centrifuged for 5 min, to sediment bacterial debris. The supernatant was aspirated and from which 5 l was used directly for PCR amplification.
Primers
Different primers were used in this study. Their names, sequences, speciesspecific, PCR products sizes, annealing temperature and their references are summarized in table (1) .
Molecular identification using mPCR assay:
A multiplex PCR assay targeting 16SrRNA gene (Staphylococcus genus specific) of Monday and Bohach (1999) and nuc gene (S. aureus species specific) of Braksted et al. (1992) was used according to Asfour and Darwish (2011) . It was established using a total volume of 25 l reaction mixtures and 1x of PCR master mix (Emerald Amp GT master mix (Takara). The amplification cycles were carried out in a PT-100 Thermo cycler (MJ Research, USA). Reaction conditions were optimized to be 94ºc for 4 min, as initial denaturation, followed by 35 cycles of 94ºc for 60 seconds, 55ºc for 60 seconds and 72ºc for 60 seconds. A final extension step at 72 ºc for 10 min was followed. Amplified products were electrophorezed in 2% agarose gel containing 1x TBE at 70 volts for 60 min and visualized under ultraviolet light to assure that amplification products were of the expected size, a100 bp DNA ladder was run simultaneously as DNA marker. Amplification of both 228 and 279 bp bands indicated the isolates to be S. aureus while amplification of 228 bp only indicated the strains to be Staphylococci other than S. aureus.
2-5 Antibiotic susceptibility test:
The isolated atypical S. aureus strains were tested for their in vitro antimicrobial susceptibility using the disk diffusion technique on Muller -Hinton agar. The results were recorded after 24hr of incubation at 37ºc. Interpretation of results was performed referring to zone diameter according to interpretive standards of CLSI (2011).
Detection of virulence genes of representative typical and atypical S. aureus strains by PCR:
Using different conventional PCR assays, 12 random isolates of both typical and atypical S. aureus were assessed for the presence of putative pathogenic factors including surface protein in the x-region of protein A(spa-X), adhesion factor including clumping factor A (clfA) and exoprotein including enterotoxin (sea, seb, sec, sed) and panton valentine leucocidne (pvl). Oligonucleotide sequences of virulence genes, their amplicon sizes, primer names and annealing temperatures are shown in table (1) . The PCR assays were established as above mentioned in mPCR assay but using the specific primers of each virulence gene and their specific annealing temperature.
3.RESULTS
Out of 108 total samples, 35 Staphylococcal strains were isolated with a percentage of (32.4%) as shown in table (2). Numbers of Staphylococcal strains isolated from each type of samples were depicted in the same table. Identification of these isolates was performed using combined phenotypic and genotypic methods. All Staphylococcal isolates were identified by culture, morphological and biochemical characters.
Using Gram stain, Staphylococci appears as grapes like clusters under light microscopic. All Staphylococcal isolates were both catalase and clumping factor positive. On the bases of coagulase test, 15 isolates were characterized as CPS while 20 isolates were characterized as CNS. On the bases of molecular identification, 16 isolates were found to be S. Aureus while the other 19 isolates were found to be other Staphylococci.
Genotypic analysis of virulence related genes:
A total of 6 typical S. Aureus and 6 atypical S. aureus isolates, randomly selected, were investigated for presence of different virulence related genes. The results of genotypic analysis are shown in table (6). The spa-X gene was detected in all S. aureus and atypical S. aureus isolates. As shown in figure 3, the amplification products varied between 150 -315 bp. clfA gene was in all the investigated typical S. Aureus isolates while not detected in all the atypical S. Aureus isolates. Figure 4 shows the 638 bp PCR product of clfA gene. Also, enterotoxine D was detected in only 2 atypical S. aureus isolates as shown in figure 5. On the other hand, neither other enterotoxines (A, B, C) nor the pvl genes were detected in any isolate. (Frenay et al., 1996) spa-X gene 
4.DISCUSSION
Staphylococcus aureus is an important human and animal pathogen, that responsible for a large spectrum of diseases as mastitis, arthritis, endocarditis and prominent cause of food poisoning.
The most important typical feature that differentiates the most pathogenic S. Aureus from less pathogenic Staphylococcal strains is the ability to produce coagulase enzyme.
The tubecoagulase test (TCT) is still the gold standard in identification of S. Aureus in clinical laboratory, as S. aureus is mainly coagulase positive. However, new researches reported that, not all S. aureus strains are coagulase positive where some strains of S.
Aureus give negative reaction in tubecoagulase test and also are more virulent so called free coagulase-negative S. Aureus. Atypical free coagulasenegative S. Aureus strains are one of the important causes of subclinical and clinical forms of mastitis. The changes in milk and udder quarters that caused by atypical S. Aureus are more intensive if compared to changes caused by CNS (Malinowski et al., 2011) . Atypical S. Aureus strains were frequently isolated from ill people (Wisniewska et al., 2008) . Additionally, atypical strains of S. Aureus were reported to be more virulent and able to produce enterotoxin which cause very strong intoxication in humans and animals (Jones et al., 2006) As shown in table 2, nearly similar results (32.6%) was recorded by Abdel-Hamid and Bendary (2013) while higher results (50.8%) was recorded by El-Jakee et al.
These results in table (3) agreed with Moniri et al., (2009 Moniri et al., ( ), khan et al. (2014 and Harshan and Chavan., (2015) who stated that S. aureus strains were gram positive cocci, catalase positive, TCT positive, and clumping factor positive.
As some S. aureus strains are not able to produce coagulase, so called free coagulase negative S. aureus (CNSA). In addition, growth of suspected coagulasenegative S. aureus strains on BPA appeared atypical in the form black colonies without halo zone or clear zone surrounding. Similar findings were reported by Silva et al. (2000) , who found that 39.4% of colonies to be atypical (black colony without halo or clear zone) on BPA.
So, coagulasenegative S. Aureus misidentified with coagulasenegative Staphylococci if diagnosis based only on routine microbiological identification utilizing tube coagulase test and BPA. Therefore, clumping factor test should be routinely included in routine phenotypic identification of typical and atypical S. aureus to exclude CNS as a cause of mastitis or food poising. These results agree with large extent with those of Malinowski et al. (2009) .
Recently, acriflavine sensitivity test and polymerase chain reaction were successfully applied for identification and differentiation typical and atypical S. Aureus from other Staphylococci.
As many authors reported the acriflavine sensitivity test to be the most important test and needed to be included in the phenotypic identification scheme of both CPSA and CNSA where its result was the closest to that of mPCR assay results in confirmation of CPSA and CNSA through detection of thermonuclease (Capurroet al., 1991 and Asfour and Darwish, 2014) So, as illustrated in table (4), 10 (28.5%) isolates were identified as CPSA and 6 (17.4%) isolates were identified as CNSA.
In this study, no CPSA was isolated from the examined milk samples (table 4) . This result was nearly similar to that of Sousa et al. (2007) who reported that only one isolate out of 87 Staphylococci isolated from milk samples to be confirmed as S. Aureus. On the other hand, higher incidence of S. Aureus was obtained by Shekhan et al., (2011) which reached to (15.74%). Gwidaand El-gohary (2013) recorded an incidence reached to (15%) of the examined raw milk samples, Abd El-Tawab et al., (2015) found that S. Aureus constituted (73.8%) of the isolates and Bharathy et al. (2015) recorded that the incidence reached (61%) of the examined raw milk samples.
CPSA was isolated from raw minced meat with an incidence rate of (20%). These results agreed to large extent with previous records obtained by Gundogan and Dervern, (2010) who stated that S. Aureus represent (20.2%) and Armany et al. (2016) recorded that the incidence up to 24%. On the other hand, higher percentage (65%) was recorded by (Naka et al., (2006) and Erdem et al., (2014) recorded that incidence reached to (53.3%) of the examined raw meat samples. However, lower percentage (1.3%) was reported by (Irohet al., (2010) , Goja et al., (2013) recorded that the incidence of S. Aureus (12%) and Zargar et al., (2014) added that S. Aureus was presented in (14.8%) beef meat samples.
In addition, CPSA was isolated from nasal Samples from human subjects in a percentage of (8.5%). This result was in agreement with those of RajaduraiPandi et al. (2006) found that S. Aureus represent (8%) of examined nasal swabs, Velasco et al. (2015) found that S. Aureus constituted (7.6%) of examined nasal swabs and Neyraet al. (2016) recorded the incidence reached (9.7%). However, higher percentage (20%) was recorded by EL-Jakee et al., (2008) , Abdalla et al., (2012) recorded that the incidence rate reached to (100%), Mendez et al., (2013) stated that S. Aureus reached to (43.9%) of examined clinical samples and Arali et al., (2016) found that S. Aureus constituted (77.86%) of examined nasal swabs while lower percentage (4.3%) was reported by Adetayo et al. (2014) The very interesting findings in this study were the presence of coagulasenegative S. Aureus with an incidence rate of 6 (17.4%) isolates. Similar findings were reported by SZYmanowska et al. (1993) who stated that atypical S. Aureus represent (20%) of examined clinical samples, Leavens et al. (1996) found that atypical S. Aureus represent (17%) from examined milk samples, Ishii et al. (2006) found that atypical S. Aureus constituted (12.5%) from clinical isolates and Bhattachary et al. (2015) added that atypical S. Aureus was present in (15.4%) of clinical isolates. while higher percentages (90%, 100%,100%,75%,82.1%,100%and58.6%) were reported by (fox et al., 1996 , Mlynarczyk et al., 1997 , piechowicz et al., 2005 , Wisniewska et al., 2008 , Malinowski et al., 2009 , Malinowski et al., 2011 and Malkinsk -Horodyska et al., 2012 respectively. On the other hand, lower percentage (7.25%) was recorded by (Garbacz et al., 2002) .
As shown in table (4), atypical S. Aureus was isolated from different sample as (2 isolates from raw buffalo milk, 3 isolates from raw beef meat and 1 isolate from nasal samples of human.
As illustrated, the highest incidence rate of atypical S. Aureus was in raw beef meat samples. As many factors played an important role in Staphylococcal contamination as slaughter house hygiene, slaughtering technique, storage, transport and general rules of hygiene. Thus, for public health and hygienic meat production HACCP should be implemented effectively.
According to available literatures and other sources of data, isolation of atypical S. Aureus from raw minced meat in this study is the first record, as atypical S. Aureus was previously isolated frequently from ill people and mastitic milk from cattle. (Leavens et al..,1996 , Wisniewska et al., 2008 , Malinowski et al., 2009 and Malinowski et al., 2011 As results illustrated in table (5), Similar one was reported by (Seifert et al.,2003 , Malinowski et al.,2009 , Malinowski e t al., 2011andMalkinska -Hordyskaet al.,2012 . Who recorded that atypical S. Aureus isolates were highly susceptible in vitro to oxacillin, amoxicillin, pencillin and vancomycin.
On the other hand, Symanowska et al. (1993 ) andMlynarczyk etal. (1997 reported that atypical S. Aureus isolates were resistant to pencillin (100%), gentamycin and amoxicillin (78.7%).
PCR analysis is most important method in identification and differentiation of coagulasenegative S. Aureus from coagulase negative Staphylococci by detection of thermonuclease gene (nuc gene).
As a fact that coagulasenegative S. Aureus variants can occur in the context of intra mammary infection in cattle. Their misdiagnoses with CNS in routine bacteriological examination are very common. To ensure correct species identification, sequencing of 16SrRNA gene and nucgene and a specific gene as clfA, Coa gene.
The targeted virulence genes were surface protein in the Xregion of protein A (spa-X region) gene, clumping factor (clfA), enterotoxins (sea, seb, sec and sed) and panton valentine leukocidin encoding genes (pvl).
Protein A (spa) is a bacterial cell wall associated molecule that binds immunoglobulin (IgG), impairing opsonisation and phagocytosis (Bystronet al., 2009) .
Clumping factor, A gene (clfA) is a fibrinogen-binding surface protein of S. Aureus. It is an important virulence factor that enables S. Aureus to adhere to extracellular matrix protein that thought to be essential for colonization and establishment of infection.
Pantonvalentine leukocidin(pvl)
gene is cyto toxin produced by S. Aureus that causes leukocyte destruction and tissue necrosis. Enterotoxine genes including sea, seb, sec and sed. These toxins cause diarrhea and vomiting when ingested and are responsible for staphylococci food poisoning.
In this study, both 6 typical and 6 atypical S. aureus strains were investigated for these virulence genes using different PCR assays. As shown in table 6, thespa-X gene was detected in all S. aureus and atypical S. aureus isolates. These results came parallel with (Kalorey et al.,2007 , Bystron et al.,2009 , Memonet al., 2013and Bhati et al.,2016 who recorded that all S. Aureus isolates expressed spa-X gene.
ClfA gene was detected in all the investigated typical S. aureus isolates while not detected in all the atypical S. aureus isolates. These results agreed with large extent with those of El -khabaz et al. The 2 atypical S. aureus isolates, which were positive for sed gene, were isolated from raw buffalo milk sample and a nasal swab of human. It could that atypical S. aureus strains have the ability to produce enterotoxin that can cause very strong intoxication in animals and human as previously reported by Jones et al. (2006) In conclusion, attention must be paid toward accurate identification of atypical S. Aureus as a cause of disease in human and animal. Acriflavine sensitivity test must be included in the scheme of phenotypic identification for accurate identification and differentiation of typical and atypical S. aureus from other Staphylococcal strains.
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